ABSTRACT -Objective: 1014 EEGs of children in the 3-months to 12-years age group were obtained during sleep with the purpose of assessing the frequency and amplitude gradient (FAG) its absence thought to be an indicator of neurological disord e r. Method: FAG findings were divided into present/absent. The n e u rological findings were classified according to the presence (abnormal neurological finding-ANF) or absence (normal neurological finding-NNF) of neurological disord e r. The association and significance between FAG and neurological findings was determined by prevalence ration (PR) and chi-square test ( 2 ) .
Adequate knowledge of the electro e n c e p h a l ogram (EEG) maturation process in children -awake and asleep -is the pre requisite for a competent interp retation of EEG patterns in childre n 1 , 2 . The graphoelements proper to the child's sleep patterns and their development have been re p o rted in the literature by several authors, notably by Petersén and Eeg Olofsson 3 ; Eeg Olofsson 4, 5 and Eeg-Olofsson et al. 6 . In addition to this bulk of knowledge Slater and To rre s 7 described for the first time the fre q u e n c yamplitude gradient (FAG) as an important electro e ncephalographic (EEG) sleep parameter in children. It is characterized by a pro g ressive voltage re d u c t i o n f rom occipital to frontal areas, associated with a frequency decrease in the antero-posterior dire c t i o n . FAG is intermittent during stage-2 sleep and becomes continuous in deep NREM sleep, generally not appearing before the age of 4 months. Slater and To rre s 7 f u rther pointed out that FAG was absent in acute and chronic pathologies of the child central nerv o u s system (CNS). In the daily clinical practice of interp reting EEG of sleep in children, FAG has drawn our attention to chronic neurological disorders 8 . Thus, the purpose of this study was to assess the absence of FAG as a possible indicator of neurological disorder in the child.
METHOD
EEG recording -The sample consisted of 1014 EEGs of children in the 3 months to 12-year age group referred to the Clinical Neurophysiology Laboratory, Hospital Universitário de Brasilia, from January 1997 to March, 2003, with the following indicators for performing EEG (Table 1) .
Procedures -The study was transversal and analytical, based on a population of children who underwent EEG during sleep. The selection criteria for EEG examinations were : inclusion (1) spontaneous or chloral-hydrate-induced sleep of more than 20 minutes of duration, (2) good technical conditions for visual analysis, (3) non-REM in phase-II sleep, and exclusion (1) EEG obtained in acute phase of neurological or pediatric disorder; (2) EEG only in phase-III and IV non-REM sleep and (3) unsatisfactory technical conditions. After EEG selection, only cases with the following w e re included: (1) medical re p o rt with all the inform a t i o n re q u i red by the study protocol; (2) ambulatory follow-up of at least 3 clinical visits; (3) clinical EEG referral, distinctly noted on the medical re p o rt and (4) complete neuro l o gical examination of the child.
The EEGs were perf o rmed with 3 machines of analoguetype: (1) Berg e r, 8-channel, model 345 AGF, of Brazilian m a n u f a c t u re, (2) Nihon Kohden -Neurofax -18 channels and (3) Neurotec -Neurofax -22 channels. The calibration used was: time constant of 0.3 seconds, high-frequency filter 70 Hz, sensitivity of 5 microvolts per millimeter and paper velocity of 30 millimeters per second. The total duration of the re c o rding was from 30 to 60 minutes. The induced sleep was obtained by chloral hydrate, 10% , in 40 to 100 mg/kg/dose. The electrodes were placed according to the 10-20 international system 9 . The stimulation test used was intermittent photic stimulation (IPS) -5 to 20 flashes/second -, which was performed in all of the cases.
Data analysis -The variables studied for FAG were: (1) visual analysis in the referential montage (longitudinal or AP direction) and bipolar montage (scalp to scalp in the transverse and coronal direction); (2) EEG profile description as to morphology, duration, voltage, frequency and location; (3) characterization of FAG as present or absent a c c o rding to electroencephalographic pattern. The neurological findings w ere obtained from the medical re p o rt s , analyzing the following variables for FAG association: (1) motor pattern; (2) cranial perimeter; (3) mental re t a rd ation ; (4) other neurological signs. Subsequently, neuro l o gical pattern analysis was characterized according to the p resence or absence of neurological disord e r, as norm a l n e u rological finding (NNF) and abnormal neurological finding (ANF), respectively.
EEG interpretation -EEG visual analysis was perf o rm e d individually and independently by two electro e n c e p h a l ographers without prior knowledge of the EEG study or neurological findings. The tracings which were not in accordance were discussed afterw a rds by both readers. The a g reement index was 86% with Kappa 0.83. After EEG selection by visual analysis, the investigators analyzed the medical re p o rts in order to define and correlate neuro l o gical findings with FAG.
The EEGs were interpreted according to maturation sleep pattern described by Niedermeyer 1 and FAG criteria a c c o rding to Slater and To rre s 7 . The electro e n c e p h a l o g r a p hic findings were reported using the EEG terminology proposed by Chatrian et al. 10 .
Statistical analysis -The purpose of the statistical analysis used in this study was to verify the degree of association between FAG and ANF. Thus, the following were calculated: (1) prevalence of FAG absent in ANF children; (2) prevalence of FAG present in NNF children; (3) prevalence ratio (PR) of items 1 and 2. The association betw een FA G absent and ANF was considered high as to PR>1; (4) determination of confidence interval (CI) for 95% of PR; (5) determination of the statistical significance of the results by chis q u a retest, with correction by Ya t e 's technique, for an erro r x of 5%, that is, for a confidence level of 95% (p<0.05). The data were electronically processed in the EPI-INFO pro g r a m , version 6.0. This study was approved by the Institutional Review Board.
RESULTS
In FAG analysis of 1014 EEGs it was possible to characterize three parameters based on the re f e re ntial montages (longitudinal or AP direction) and bipolar (scalp-to-scalp in the transverse and coronal dire ction) in stage-II non-REM sleep. In re f e rential montages, FAG consists of slow waves slightly discontinuous or burst-like, showing a sharp decline in voltage from occipital to frontal areas, middle-posterior amplitude of 150-300 microvolts and middle-anterior of 35-60 microvolts, associated with a fre q u e n c y reduction in the antero-posterior direction, interm i ttent and with average duration of 250-300 milliseconds (Fig 1) . In other children, the FAG is much better demonstrable in bipolar montages. These posterior slow waves of pediatric sleep (PSWPS) occur at 3-to-6-second intervals, and are either synchro n o u s or asynchronous (Fig 2) . One has to keep in mind that v e rtex re f e rence has drawbacks, especially in sleep, when spindles over Cz appear to be diffuse naturall y. A 1 and A 2 re f e rences also have their disadvantage. In some patients, FAG was not re c o rded, neither in bipolar nor in re f e rencial montages (Fig 3) . In the bipolar montage were re c o rded as a continuous patt e rn (Fig 4) . Table 2 demonstrates the main neurological pattern alterations and their relation to FA G absent and present. Mental re t a rdation, motor diso rders and cranial alterations were the principal n e u rological findings encountered in children with ANF. Tables 3 and 4 show FAG divided into age gro u p s in 1014 EEGs of NNF and ANF patients (658 and 356 c h i l d ren, respectively). Listed according to age FA G is most evident in the 3 months to 5 years age gro u p with NNF. In Table 5 , prevalence ratio, confidence i n t e rval for 95% and chi-squared corrected by Ya t e s technique are discriminated for all age groups and those of 3 months to 5 years, for FAG and PSWPS. The analysis shows that there is a strong association of FAG absent in ANF patients, in all the 1014 EEG age groups, since the prevalence ratio was 5.9. The association becomes stronger when the 3-months to 5-years age group is considered, PR=12.61. Chi-square test, corrected by Yates technique, showed a highly significant relation for FAG absent in both samples (p= 0.00000001). For posterior slow waves, a strong association was also observed in the absence of or with continuous PSWPS pattern in ANF patients. The p revalence ratio for all the age groups was 6.04, and 12.32 for the ages of 3 months to 5 years. Chi-square test, corrected by Yates was also highly significant for both samples (p=0.00000001). The 95% confidence interval was extensive in all four samples submitted to this evaluation.
DISCUSSION
The maturation of cerebral bioelectric activity is an important milestone in the childhood development and for this reason the EEG can yield cru c i a l clinical information in part confirming the re l a t i o n between pro g ressive changes in myelinization and c e rebral morphogenesis during this period 1 1 . Thus, the interpretation of electroencephalographic findings in children becomes more difficult due to the l a rge numbers of models and patterns which norm a lly occur at diff e rent ages. FAG is yet another agedependent parameter which, unfort u n a t e l y, has an u n d e rvalued role in childhood electro e n c e p h a l o g r ap h y. A review of the literature reveals only one study which objectively underlines the value of FAG as an EEG pattern for pediatric sleep and its relation with central nervous system disorders 7 .
F rom the EEG point of view, FAG shows some dependence on the montages being used. In re f e re ntial montage, the findings are totally in accordance with Slater and To rre s 7 . In more complex is the evaluation of bipolar montages especially with re g a rd to the occipital EEG activity. The term "posterior slow waves of pediatric sleep" (PSWPS) should underline the spatial accentuation of this EEG sleep pattern . Whether isolated or in series, isolated or concomitantly in series, this pattern may lead to erro n e o u s i n t e r p retations of an apparent epileptogenic paro xysm. In 1952, Kellaway 1 2 described slow posterior waves in pediatric sleep and drew attention to the fact that they were more significant in deep sleep without emphasizing it as FAG in phase-2 of non-REM sleep.
FAG in re f e rential and bipolar montages were p resent and well-formed in children with NNF. In ANF patients, FAG was mostly absent or with continuous PSWPS. Slater and To rre s 7 have already verified that several acute or sequelar CNS neurological injuries w e re associated to the absence of FAG. Among the 100 patients evaluated in his study, 33 had severe n e u rological injury and in this subgroup, there was no FAG formation in 100% of the cases. Of 32 patients with moderate neurological injury, 14 were FA G absent and 15 had regular FAG formation. Of 35 patients with mild neurological injury, 27 had wellformed FAG.
The results of our study not only confirm the previous observations by Slater and To rre s 7 , but also demonstrate the relationship between non-pro g re ssive chronic neurological disorder and absence of 
